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Cryptosporidium species can be genetically characterised by SSU rRNA gene and Cryptosporidium oocyst wall protein (COWP) gene, but their sensitivity and specificity are highly variable [19, 20] and varies from 97% to 100% and 39.5%-91%, respectively. [11, 19] The SSU rRNA gene has some advantages over other genes because of the higher copy numbers. Nevertheless, their primer sequences are also frequently conserved amongst other eukaryotic organisms, leading to poor specificity. [21] The COWP-based genotyping tool is widely used in the diagnosis of Cryptosporidium because of the use of a target unique to Cryptosporidium and higher specificity. [22] It can facilitate the detection of cryptosporidiosis in patients with a low number of oocysts as compared to the other primer sets. [23] In addition, conventional PCR is advantageous over real-time PCR as real-time PCR is very expensive because of the resources required. [10, 24] Thus, the present study aimed (a) to evaluate the prevalence of cryptosporidiosis amongst RT recipients as compared with healthy individuals by microscopy and PCR, (b) identification of various species causing intestinal cryptosporidiosis and their mode of transmission (zoonotic or anthroponotic) in RT recipients by PCR-RFLP and (c) comparative evaluation of SSU rRNA and COWP gene-based PCR for the detection of various species of Cryptosporidium in RT recipients.
subjEcts anD mEtHODs

Study site and sample collection
This case-control study was performed in a tertiary care centre between March 2007 and August 2014. Three hundred and fifty-eight consecutive RT recipients were studied along with 200 healthy individuals as a control. Their demographic and clinical details were recorded in a standard questionnaire. After receiving their written consent, three consecutive stool samples were collected. Part of the samples were subjected to microscopic examination for the identification of parasites and a portion of each sample was stored at −40°C in normal saline for DNA extraction. Blood samples of patients were also collected in ethylenediaminetetraacetic acid vial for CD4 count. 
Laboratory testing
Stool samples were subjected to microscopic examination by direct wet mount technique using both normal saline and iodine for detection of cysts and trophozoites of parasites. After stool concentration by formal ether sedimentation technique, modified acid-fast (modified Kinyoun's) staining was used with some modifications for detection of oocysts of Cryptosporidium spp. [10] The stained smears were subjected to light microscopy. Oocysts were viewed as pink-to-purple partially stained, spherical bodies measuring 4-6 µm in diameter, against a green background.
The stored faecal samples were subjected to DNA extraction using QIAamp Qaigen mini stool kit following manufacturer's instruction with some modifications as reported earlier by us. [10] The extracted stool DNA was subjected to amplification of conserved region of small subunit rRNA (SSU rRNA) gene and COWP gene for detection of different species of Cryptosporidium that is, C. hominis, C. parvum, C. meleagridis and C. andersoni using previously published primers. [22, 25, 26] A 212 bp amplicon of SSU rRNA PCR and 553 bp amplicon of COWP gene PCR using specified primers confirms the presence of Cryptosporidium in RT recipients. The amplified fragments of SSU rRNA gene PCR were subjected to digestion using restriction endonucleases TaqI, BstUI and MseI to differentiate species of Cryptosporidium. Digested product of SSU rRNA-nested PCR with Taq1 showed the band pattern of 78 and 134 bp for C. parvum and 80 and 134 bp for C. hominis. Similarly, MseI was used for the species detection of C. parvum (56 and 156 bp), C. hominis (55 and 159 bp) and C. meleagridis (84 and 120 bp). BstU1 was used for the detection of C. andersoni (85 and 128 bp). [22, 25] COWP gene PCR amplicons were digested with restriction enzyme Rsa1 and electrophoresed on 2.5% agarose gel stained with ethidium bromide. [22] On electrophoresis, it shows the band pattern of 413, 106 and 34 bp for C. parvum; 284, 129, 106 and 34 bp for C. hominis and 372, 147 and 34 bp for C. meleagridis. [22] Sequencing Amplicons of samples with ambiguous results of PCR-RFLP were sequenced using respective primers. The sequences were compared with previously reported sequences available in GeneBank database with the BLASTN program.
Statistical analysis
Data were analysed using Statistical Package of the Social Sciences version 15 (SPSS 15, Inc., Chicago, IL, USA). Categorical variables were analysed by Chi-square test and continuous data by Fisher's exact test. All data are presented in form of mean ± standard deviation. P < 0.05 was considered statistically significant for all statistical analysis.
rEsults
Study population
A total of 993 stool samples from 358 RT recipients (3 consecutive samples from 313 recipients and 2 consecutive samples from 27 recipients) and 575 stool samples from 200 healthy controls (3 consecutive samples from 175 healthy controls and 2 consecutive samples from 25 healthy controls) were screened for Cryptosporidium oocysts. Fifty-one RT recipients without cryptosporidiosis were excluded from the analysis due to incomplete data. 
Detection of Cryptosporidium in renal transplant recipients
Demography and clinical features of patients and controls
Mean age of 307 RT recipients was 41.63 ± 12.48 years and male:female ratio was 4:1. Most of the RT recipients with cryptosporidiosis were young males (26/30, 86.66%) with the mean age of 37.54 ± 14.58 years. The controls (n = 200) were comparable to RT recipients in age and gender. Cryptosporidium was much more common in diarrhoea than those without diarrhoea (26/162, 16.1% vs. 4/145, 2.8%; P < 0.001).
Laboratory parameters
CD4 counts of RT recipients with and without cryptosporidiosis (median 296, range 57-757 cells/mm 3 vs. median 245, range 19-780 cells/mm 3 , P = 0.172) were comparable. Total leucocyte count counts of RT recipients with cryptosporidiosis and without were comparable (median 8.6, range 1-81 × 10 3 cells/mm 3 vs. median 7.4, range 1-81 × 10 3 cells/mm 3 , P = 0.409). Neutrophil counts of RT recipients with cryptosporidiosis were lower than without cryptosporidiosis (median 67.5, range 5-92 × 10 2 cells/mm 3 vs. median 75, range 5-96 × 10 2 cells/mm 3 , P = 0.004).
Genetic characterisation
30/307 (9.8%) RT recipients were positive for Cryptosporidium by PCR. SSU rRNA gene PCR-RFLP detected all the thirty Cryptosporidium-positive patients; 20/30 were C. hominis and 10/30 were C. parvum. Only 27/30 cases were detected by COWP genes, of which 18/27 were C. hominis and 9/27 were C. parvum [ Figure 1a and b]. Sensitivity and specificity of SSU gene PCR-RFLP was 100% each, as compared to 90% and 100% of COWP. Other species, namely C. meliagridis and C. andersoni, were not detected in any RT recipient.
DiscussiOn
In the present study, the prevalence of intestinal cryptosporidiosis in RT recipients was 8.4% (30/358); higher as compared to healthy control (0/200; P < 0.001). Cryptosporidiosis was more common in RT recipients with diarrhoea (26/162, 16 .1%) than those without diarrhoea (4/145, 2.8%). Cryptosporidium infection occurred mostly in young age (mean, 37.54 ± 14.58 years) RT recipients. Species detection confirmed that C. hominis was the most common species (20/30, 66.66%) causing intestinal cryptosporidiosis in RT recipients, followed by C. Parvum (10/30, 33.33%). Other species such as C. meleagridis and C. andersoni were not detected in any patient. Sensitivity of SSU rRNA gene PCR-RFLP for the detection of Cryptosporidium species was higher (100%) than COWP gene PCR-RFLP (90%). However, specificity of both was same that is, 100%.
Cryptosporidium is commonly known to occur in HIVinfected patients. There is wide variation in the prevalence of Cryptosporidium in RT recipients (4.5%-53%). [6, 8, 9] Cryptosporidium oocysts could be misdiagnosed as yeast-like cells which are normally found in stool, because they are small and similar in size and shape. [27] They do not stain well with iodine or trichrome and cannot be differentiated from yeast forms by Giemsa staining. Hence, the rate of stool positivity may vary according to the diagnostic techniques employed. [28, 29] Thus, traditional approaches to stool examinations usually miss the organism and confirmation of results of stool microscopy by another method is desirable. In this study, we found the prevalence of Cryptosporidium to be 16% in patients with diarrhoea using both molecular method as well as microscopy after staining with kinyoun's acid-fast stain. This is the first and largest case-control study on the genetic characterisation of Cryptosporidium in RT recipient using PCR-RFLP. The PCR-RFLP has the ability to differentiate the species of Cryptosporidium. We found only two species that infected the RT recipients. C. hominis was the most prevalent species followed by C. parvum.
Our result showed the sensitivity of SSU rRNA and COWP gene PCR was 100% and 90%, respectively. The 100% sensitivity of SSU rRNA PCR was also observed in another study from India; however, the sensitivity of COWP gene PCR was 39.5%, which is lower than our study. [11] Sensitivity of SSU rRNA and COWP PCRs increase with increasing numbers of oocysts as observed by microscopy. [19] Hence, this could be the probable reason for variances in the sensitivities of these PCRs. The present study shows that Cryptosporidium is an important cause of diarrhoea in RT recipients. C. hominis and C. parvum are the most common species of Cryptosporidium amongst RT recipients. SSU rRNA PCR is the best molecular method for the differentiation of Cryptosporidium species. Hence, clinicians should look for Cryptosporidium in RT recipients presenting with diarrhoea. Strong clinical suspicion and special methods are required for its diagnosis.
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